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(57) ABSTRACT

There 1s disclosed a membrane for separation and dissocia-
fion of hydrogen, which comprises an amorphous alloy
comprising at least one selected from the group consisting of
Zr and Hf, and Ni. The membrane has high permeability
only with regard to hydrogen, sufficient mechanical strength
and structural stability 1n an atmosphere of hydrogen, and it

does not require, substantially, noble metals, such as Pd and
the like.
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AMORPHOUS NI ALLOY MEMBRANE FOR
SEPARATION/DISSOCIATION OF
HYDROGEN, PREPARING METHOD AND
ACTIVATING METHOD THEREOF

FIELD OF THE INVENTION

The present invention relates to a membrane capable of
separation and purification of hydrogen from a mixed gas
containing hydrogen, and of dissociation of hydrogen 1n a
state of atoms. Further, the present invention relates to a
method of preparation of a material used for the membrane.
The present invention also relates to a method of treatment
to activate the membrane.

BACKGROUND OF THE INVENTION

At present, as a material for a gas hydrogen-separating
membrane, Pd or Pd alloy 1s used, but their prices are so
expensive as to be a major impediment to practical appli-
cations.

Therefore, a search for a metal membrane material of
non-noble metal has been energetically made. In many
instances, however, it has been necessary to coat a surface of
the metal membrane with a noble metal, such as Pd and the
like, 1n order to prevent the membrane surface from being
oxidized, and to dissociate hydrogen molecules, which are
then dissolved 1n the metal.

A number of electrochemical studies on hydrogen perme-
ation have been reported, in which hydrogen 1s supplied 1n
the form of 1ons, and a strong driving force for hydrogen
permeation can be administered by applying voltage without
applying mechanical force to the membrane. Accordingly, 1t
1s not assured that the membrane 1s utilizable for separation
of gaseous hydrogen, which requires dissociation of hydro-
ogen molecules, and uses pressure difference as a driving
force, with the membrane left as 1t 1s.

With respect to amorphous (noncrystalline) Zr—N1 alloy,
there 1s only an example in which a thin membrane of two
layers of Pd and amorphous Zr—Ni alloy was formed on a
silicon substrate by a sputtering method, and 1ts rate of
hydrogen permeation was electrochemically measured (J. O.

Strom-Olsen, Y. Zhao, D. H. Ryan, Y. Huai, R. W. Cochrane;
“Hydrogen diffusion in amorphous Ni—Zr”; J. Less-
Common Metals, Vol. 172-174 (1991) pp. 922-927). It has

not been clearly understood whether or not amorphous
Zr—N1 alloy can be applied directly to the separation and
purification of hydrogen gas.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a metal
membrane for separation and dissociation of hydrogen,
which has high permeability only with regard to hydrogen,
sufficient mechanical strength and structural stability in an
atmosphere of hydrogen, and which does not require,
substantially, noble metals, such as Pd and the like.

Other and further objects, features, and advantages of the
invention will appear more fully from the following
description, taken in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a relation between the hydrogen permeation
rate (107> mol/m™>:s) and the difference in partial pressure of
hydrogen (MPa) on both surfaces of the membrane, at 473K,
523K, 573K, 623K, and 653K, with respect to the hydrogen
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separation.dissociation membrane of Example 1, after
activation, respectively.

FIG. 2 1s an explanatory view showing a relation between
hydrogen permeation rate (10~> mol/m>-s) and the difference
in partial pressure of hydrogen (MPa) on both surfaces of the
membrane, at 623K, with respect to the hydrogen separa-
tion.dissociation membrane of Example 3 that was treated
for activation by pure hydrogen of 0.3 MPa.

DETAILED DESCRIPTION OF THE
INVENTION

The above object of the present invention can be attained
by the following means.

(1) A membrane for separation and dissociation of
hydrogen, which comprises an amorphous alloy com-

prising at least one selected from the group consisting
of Zr and Hf, and Ni.

(2) The membrane for separation and dissociation of
hydrogen as stated in the above (1), wherein the amor-
phous alloy 1s an amorphous Zr—Ni1 alloy.

(3) The membrane for separation and dissociation of
hydrogen as stated in the above (1), wherein the amor-
phous alloy 1s an amorphous HI—Ni alloy.

(4) The membrane for separation and dissociation of
hydrogen as stated in the above (1), wherein the amor-
phous alloy 1s an amorphous HI—Zr—Ni alloy.

(5) A membrane for separation and dissociation of
hydrogen, which comprises an amorphous multicom-
ponent alloy comprising at least one selected from the
ogroup consisting of Zr and Hf, and Ni, as major
components.

(6) The membrane for separation and dissociation of
hydrogen as stated in the above (5), wherein the amor-
phous multicomponent alloy comprises Zr and Ni, as
major components.

(7) The membrane for separation and dissociation of
hydrogen as stated in the above (5), wherein the amor-
phous multicomponent alloy comprises Hf and Ni, as
major components.

(8) The membrane for separation and dissociation of
hydrogen as stated in the above (5), wherein the amor-
phous multicomponent alloy comprises Hi, Zr, and Ni,
as major components.

(9) The membrane for separation and dissociation of
hydrogen as stated in the above (5), (6), (7), or (8),
wherein the amorphous multicomponent alloy 1n which
Cu 1s added as a third component 1s used.

(10) A method of preparing a material for a membrane for
separation and dissociation of hydrogen, comprising
mixing at least one selected from the group consisting,
of Zr and Hi, with Ni, heating the resultant mixture to
the melting point thereof, or higher, 1n an inert gas, and
melt-quenching the heated mixture, to prepare the
material.

(11) The method of preparing a material for a membrane
for separation and dissociation of hydrogen as stated 1n
the above (10), wherein Cu is further mixed in the
mixing step.

(12) A method of treating for activation of a membrane for
separation and dissociation of hydrogen, comprising
exposing a membrane for separation and dissociation of
hydrogen to an atmosphere containing an active gas, at
the crystallization temperature of materials contained
in the membrane, or lower.
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(13) The method of treating for activation of a membrane
for separation and dissociation of hydrogen as stated 1n
the above (12), wherein the atmosphere containing an

active gas 1s a hydrogen or oxygen atmosphere.

(14) The method of treating for activation of a membrane
for separation and dissociation of hydrogen as stated in
the above (12) or (13), wherein the materials contained
in the membrane comprises at least one selected from
the group consisting of Zr and Hf, and Ni.

It has become clear that amorphous alloys defined 1n the
present invention have excellent surface activity concerning,
dissociation of hydrogen molecule.

Accordingly, 1t has also become clear that the amorphous
alloys for use 1n the present invention exhibit high
hydrogen-dissociation ability and have sufficient hydrogen
permeability, even if they are not coated with noble metals,
such as Pd and the like.

Further, 1t has become clear that the amorphous alloys for
use 1n the present mvention can be used as a hydrogen-
separating membrane that does not substantially require a
support of porous materials, hydrogen-permeable metals,
and the like, because of having sufficient mechanical
strength and structural stability 1n an atmosphere of hydro-
gen.

Furthermore, it becomes clear that stable hydrogen per-
meation characteristics can be obtained, and the hydrogen
permeation rate can be improved, for a short period of time,
by exposing both surfaces of the membrane of the above-
described amorphous alloy to an atmosphere containing
active gas, such as hydrogen, oxygen, and the like, at the
temperatures or below the crystallization temperature of the
materials contained 1n the membrane.

The term “atmosphere containing active gas” used 1n the
present mmvention means an atmosphere containing one of
the above active gases, and it 1s allowable for an inert gas,
such as argon and the like, to be present therein.

Therefore, the hydrogen-separation dissocilation mem-
brane of the present invention has the advantage that not
only 1t does not substantially require either noble metals,
such as Pd, Pt, Ru, and the like, as a catalyst for dissociation
of hydrogen molecules, but also 1t does not substantially
require a support of porous materials, hydrogen permeable
metals, and the like.

There 1s a case 1n which crystallization proceeds to some
degree for an amorphous alloy by preserving it at high
temperature, even though the temperature 1s below the
alloy’s crystallization temperature. It 1s, however, known
that the amorphous alloy membrane of the present invention
does not sufler from change 1n hydrogen permeation char-
acteristics largely by heat treatment before the use, and from
membrane disintegrates with longterm experiments.

Accordingly, the term “amorphous”™ used 1n the present
invention means, for example, a material that gives a spec-
trum having a half-width (A20) of 0.1° or above in X-ray
diffraction pattern by the 0-20 method, and 1t means any
material having some general characteristics for an
amorphous, and any method for preparing thercof may be
adopted 1n the present invention. Examples of the method of
preparing the amorphous alloy include a melt-quenching
method, preferably a single-roller melt-quenching method.
The production conditions, such as temperature, rotation
rate, and pressure, are not particularly limited and the usual
ones can be applied.

The amorphous alloy that can be used in the present
invention 1s not particularly limited 1n its composition, as
long as the amorphous alloy contains at least one alloy
component selected from the group consisting of Zr and Hf,
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and another alloy component of Ni. In the present invention,
Zr:Ni, Hf:Ni, and (Hf+Zr):Ni each are preferably in the

molar ratio of (30:70) to (40:60), more preferably (36:64)
+2%, and most preferably 36:64.

The amorphous alloy that can be used 1n the present
invention 1s preferably an amorphous multicomponent alloy
comprising Zr and Ni, Hf and N1, or Hf and Zr and Ni, as
its major components. Herein, the “major components”
means that the above alloy components are contained in the
alloy 1n amounts sufficient to make the resultant amorphous
alloy membrane separate/dissociate hydrogen. For example,
the ratio of the alloy components that would be the major
components 1n the alloy composition 1s preferably more than
90 mol%, and more preferably more than 95 mol%, 1n the
entire alloy.

Examples of the alloy components other than the major
components mnclude Cu, Ag, Al, Zn, and Ti. These compo-
nents can make the resultant amorphous alloy more
stabilized, and therefore, can make durability and hydrogen
permeation rate of the membrane comprising the alloy more
increased. When 11 1s contained, 11 contributes high perme-
ation rate of hydrogen. Furthermore, in the present
invention, the alloy components other than the major com-
ponents can include B, Si, and P, in order to prepare the
amorphous alloy easily.

In the present invention, the “third component” means
alloy component(s) other than the major components and it
is preferably Cu. The ratio of the third component(s), such
as Cu, 1 the alloy 1s preferably 10 mol% or less, and more
preferably 5 mol% or less.

In accordance with the present invention, a hydrogen-
separating membrane can be obtained without using noble
metals, such as Pd and the like, and without applying any
complicated treatment to a ribbon-shaped sample prepared
by using a single-roller melt-quenching. Accordingly, the
raw material cost can be reduced to approximately take a
figure down two places, as compared with that of a conven-
tional Pd alloy membrane, and the manufacturing cost can
also be suppressed in extremely low. By using such a
membrane, hydrogen of high purity required for the pro-
duction of a semiconductor or for a fuel cell, can be supplied
at low cost. Further, since 1t 1s known that the permeation
rate through a metal membrane 1s generally different among
hydrogen, deuterium, and tritium, it may be expected that
hydrogen 1sotope separation can be carried out by using the
membrane of the present invention.

The present invention will be described 1n more detail

with reference to the following examples, but the present
invention 1s not restricted to them.

EXAMPLES

Example 1

8.7 ¢ of Zr and 10.0 g of N1 were melted by arc melting,
in an atmosphere of argon of 50 kPa, to obtain an alloy
specimen, which was ground 1nto particles of several mil-
limeters 1n diameter, placed in a quartz nozzle, and melted
by high-frequency induction heating 1 an atmosphere of
arcon of 50 kPa. The molten metal thus obtained was
sprayed to the periphery of a copper roller of 200 mm 1in
diameter, rotating at 2000 rpm, to be quenched, to obtain

ribbon-shaped amorphous Zr;Ni.,, 5 mm in width and 0.03
mm 1n thickness.

The amorphous membrane thus obtained was fixed to a
cgas permeation measuring cell. To one surface of the
membrane, pure hydrogen or a mixed gas of argon and
hydrogen was introduced, and to the other surface, argon
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was 1ntroduced as a sweep gas. Evaluation of the hydrogen
permeation was carried out by analyzing the composition of
the sweep gas exhausted out of the cell, using gas chroma-
tography. Activation treatment was carried out before an
experiment on hydrogen permeation, in which both surfaces
of the membrane were exposed to an atmosphere of hydro-
gen of 0.3 MPa at 573 K for one hour, and thereafter

hydrogen permeation was conducted once at 653 K.

The hydrogen permeation rate at 473 to 653 K 1s shown
in FIG. 1.

In general, a metal membrane does not exhibit sufficient
hydrogen permeation characteristics, because an oxide layer
and the like on the surface are obstructions to dissociative
dissolution of hydrogen, it the metal membrane 1s left as it
1s. Since, however, N1 was segregated on the surface 1n an
atmosphere of hydrogen in the case of the amorphous
Zr:Ni., alloy, which functioned as a catalyst for hydrogen
dissociation, 1t could exert excellent hydrogen permeation
characteristics without a coating of a noble metal, such as Pd

and the like.

Further, since the amorphous Zr, N1, alloy maintained
suflicient mechanical strength 1n an atmosphere of hydrogen
despite being thin, that 1s, 0.03 mm 1in thickness, a perme-
ation flux of a level for practical applications, on the order
of 1 cm” (STP)/cm* min for 0.1 MPa of feed pressure, could
be realized. Herein, “1 c¢cm”® (STP)/cm*min” is equal to
“6.8x107> mol/m~s”.

Further, by an experiment conducted by supplying
helium, which 1s unable to permeate the metal membrane,
instead of hydrogen, 1t was confirmed that the specimen was
not disintegrated and only hydrogen was allowed to perme-
ate selectively.

As a result, permeation of helium was not observed at all,
in the range of from 473 K to 653 K, after measurement of
hydrogen permeation, and the membrane was not disinte-
orated. Therefore, 1t was found that the membrane could be
used as a hydrogen-separating membrane.

Since the measurement limitation of the measuring appa-
ratus used herein with respect to helium is 1x10~" mol/m>s,
the ratio of hydrogen permeation rate to hellum permeation
rate is at least 10°. It is usually very difficult to realize a
separating membrane having such a high selectivity for
hydrogen unless such a non-porous metal membrane of the
above 1s used.

Furthermore, 1t was confirmed that the membrane of this
example could resist the difference in pressure of 0.2 MPa
at any temperature between 473 K and 653 K, and that the
membrane could withstand experiments on hydrogen per-
meation that continued for four weeks.

Furthermore, the amorphous Zr,.Ni.,alloy membrane,
both surfaces of which were coated with 10 nm of Pd by a
sputtering method, could give a stable hydrogen permeation
rate without applying activation treatment. Since, however,
its rate 1s almost the same as that of amorphous Zr; . Ni.,
alloy membrane without Pd coating to which 1s applied
activation treatment, 1t was found that sufficient activity for

hydrogen dissociation can be obtained without noble metals,
such as Pd and the like.

Example 2

14.1 g of Zr, 16.2 g of N1, and 1.4 g of Cu were melted
by arc melting 1n an atmosphere of argon of 50 kPa, to obtain
an alloy specimen, which was ground into particles of
several millimeters 1n diameter, placed 1n a quartz nozzle,
and melted by high-frequency induction heating 1n an atmo-

10

15

20

25

30

35

40

45

50

55

60

65

6

sphere of argon of 50 kPa. The molten metal thus obtained
was sprayed to the periphery of a copper roller 200 mm 1n
diameter rotating at 2000 rpm, to be quenched, to obtain
ribbon-shaped amorphous Zr,,Ni.,Cu., 5 mm in width and
approximately 0.04 mm in thickness. The amorphous mem-

brane thus obtained was fixed to a gaspermeation measuring
cell, which was then set at 573 K.

The hydrogen permeation rate after approximately two
hours from the introduction of a mixed gas of argon-26%
hydrogen at atmospheric pressure at 573 K, was 0.02x107°
mol/m>s (at 573 K, 0.1 MPa, Ar—26%H.,) before applying
activation treatment. The hydrogen permeation rate was
improved up to 2.2x107> mol/m*-s (at 573 K, 0.1 MPa,
Ar—26%H,) by carrying out activation treatment, in which
both surfaces of the membrane had been exposed to an
atmosphere of pure hydrogen of atmospheric pressure at 573
K. It 1s understood that the membrane without containing
noble metals, such as Pd and the like, has sufficient activity
for dissociation of hydrogen, because the rate of hydrogen
permeation of the membrane for a specimen, on both sur-
faces of which Pd was coated with thickness of 10 nm, by
a sputtering method, was 2.3x107> mol/m~-s (at 573 K, 0.1
MPa, Ar—26%H.,).

Example 3

12.5 ¢ of Hf and 7.3 ¢ of N1 were melted by arc melting
in an atmosphere of argon of 50 kPa, to obtain an alloy
specimen, which was ground 1nto particles of several mil-
limeters 1n diameter, placed in a quartz nozzle, and melted
by high-frequency induction heating in an atmosphere of
arcon of 70 kPa. The molten metal thus obtained was
sprayed to the periphery of a copper roller of 200 mm 1n
diameter, rotating at 1900 rpm, to be quenched, to obtain
ribbon-shaped amorphous Hf,.Ni.,, 5 mm 1 width and 0.04
mm 1n thickness.

The amorphous membrane thus obtained was fixed to a
gas permeation measuring cell and set to 623 K. To one
surface of the membrane, pure hydrogen or a mixed gas of
argon and hydrogen was mtroduced, and to the other surface,
arcon was introduced as a sweep gas. Evaluation of the
hydrogen permeation was carried out by analyzing the
composition of the sweep gas exhausted out of the cell,
using gas chromatography.

Before applying activation treatment, the rate of hydrogen
permeation after one hour from introduction of a mixed gas

of argon-26% hydrogen at atmospheric pressure was 0.02x
10~> mol/m*-s (at 623K, 0.1 MPa, Ar—26%H.,) . The rate

was improved up to 0.08x10~> mol/m~'s (at 623K, 0.1 MPa,
Ar—26%H.,) by exposing both surfaces of the membrane to
a mixed gas of argon-26% hydrogen of atmospheric pressure
for one hour, as activation treatment. Subsequently, the rate
was improved up to 0.22x107> mol/m~'s (at 623K, 0.1 MPa,
Ar—26%H.,) by exposing both surfaces of the membrane to
pure hydrogen of atmospheric pressure for one hour, as
activation treatment, and the rate was further improved up to
0.40x107° mol/m*-s (at 623K, 0.1 MPa, Ar—26%1H.,) by
exposing both surfaces of the membrane to pure hydrogen of
0.3 MPa for one hour, as activation treatment.

It has become clear that a gas to be used for activation 1s
not necessarily to be hydrogen, but effects on improvement
of the permeation rate similar to those already discussed
above could be obtained by the use of oxygen and the like.

The rate of hydrogen permeation at 623K after activation
treatment by pure hydrogen of 0.3 MPa 1s shown 1n FIG. 2.

In general, a metal membrane does not exhibit sufficient
hydrogen permeation characteristics, because an oxide layer
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and the like on the surface are obstructions to dissociative
dissolution of hydrogen, if the membrane 1s left as 1t is.
Since, however, similarly 1n the amorphous Zr—Ni1 alloy, Ni
was segregated on the surface 1n an atmosphere of hydrogen
in the case of the amorphous Hi;.Ni.,alloy, which func-
tioned as a catalyst for hydrogen dissociation, 1t could exert
excellent hydrogen permeation characteristics without a
coating of a noble metal, such as Pd and the like.

Further, by an experiment conducted by supplying
helium, which 1s unable to permeate the metal membrane,
instead of hydrogen, 1t was confirmed that the specimen was
not disintegrated and only hydrogen was allowed to perme-
ate selectively.

As a result, permeation of helium was not observed at all
after pure hydrogen of 0.2 MPa was introduced to a feed
side, to allow the hydrogen to permeate, and 1t was found
that the membrane of the present invention has sufficient
mechanical strength 1n an atmosphere of hydrogen despite
its being thin, that 1s, 0.04 mm 1n thickness.

Since the measurement limitation of the measuring appa-
ratus used herein with respect to helium is 1x10~" mol/m*s,
the ratio of hydrogen permeation rate to hellum permeation
rate is at least 10”. It is usually very difficult to realize a
separating membrane having such a high selectivity for
hydrogen unless such a non-porous metal membrane of the
above 1s used.

Furthermore, the amorphous Hi;.Ni., alloy membrane,
both surfaces of which were coated with 100 nm of Pd by a
sputtering method, could give a stable, high rate of hydrogen
permeation, without applying activation treatment.
Meantime, the amorphous alloy membrane, both surfaces of
which were coated with noble metals, such as Pd and the
like, can exert the said rate of hydrogen permeation without
lowering at the time of separating hydrogen from a mixed
ogas containing carbon. dioxide and the like. Therefore, the
utilization 1n such a form as described above could be
considered 1n the present invention.

Example 4

12.1 g of Hf, 7.1 g of N1, and 0.6 g of cu were melted by
arc melting 1n an atmosphere of argon of 50 kPa, to obtain
an alloy specimen, which was ground into particles of
several millimeters in diameter, placed 1n a quartz nozzle,
and melted by high-frequency induction heating in an atmo-
sphere of argon of 70 kPa. The molten metal thus obtained
was sprayed to the periphery of a copper roller 200 mm 1in
diameter rotating at 2000 rpm, to be quenched, to obtain
ribbon-shaped amorphous Hf,,Ni.,Cu., 5 mm 1n width and
approximately 0.04 mm in thickness. The amorphous mem-
brane thus obtained was fixed to a gas-permeation measur-
ing cell, which was then set at 623K.

Before applying activation treatment, the rate of hydrogen
permeation after one hour from introduction of a mixed gas
of argon-26% hydrogen at atmospheric pressure was 1.1x
10~ mol/m”-s (at 623K, 0.1 MPa, Ar—26%1H.,). The rate
was improved up to 1.5x107> mol/m*s (at 623K, 0.1 MPa,
Ar—26%H,) by exposing, at 623K, both surfaces of the
membrane to a mixed gas of argon-26% hydrogen of atmo-
spheric pressure for one hour, as activation treatment. It was,
further, confirmed that the membrane of this example was
not disintegrated when the feed pressure of the mixed gas
was 1ncreased to 0.15 MPa while the permeation side was
maintained at atmospheric pressure, and that the membrane
could exhibit permselectivity only to hydrogen.

Example 5

7.3 g of Hi, 3.8 g of Zr, and 8.7 g of N1 were melted by
arc melting 1n an atmosphere of argon of 50 kPa, to obtain
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an alloy specimen, which was ground into particles of
several millimeters 1n diameter, placed 1n a quartz nozzle,
and melted by high-frequency induction heating 1n an atmo-
sphere of argon of 70 kPa. The molten metal thus obtained
was sprayed to the periphery of a copper roller 200 mm 1n
diameter rotating at 2000 rpm, to be quenched, to obtain
ribbon-shaped amorphous Hf, ;Zr,;Ni.,, 5 mm in width and
approximately 0.04 mm 1in thickness. The amorphous mem-
brane thus obtained was fixed to a gas-permeation measur-
ing cell, which was then set at 623 K.

Belore applying activation treatment, the rate of hydrogen
permeation after one hour from introduction of a mixed gas
of argon-26% hydrogen at atmospheric pressure was 0.5x

107> mol/m*-s (at 623K, 0.1 MPa, Ar—26%H.,). The rate
was improved up to 1.0x107> mol/m>s (at 623 K, 0.1 MPa,
Ar—26%H.,) by exposing both surfaces of the membrane to
a mixed gas of argon-26% hydrogen of atmospheric pressure
for one hour at 623 K, as activation treatment. Subsequently,
the rate was improved up to 1.9x107> mol/m~-s (at 623K, 0.1
MPa, Ar—26%H.,) by exposing both surfaces of the mem-
brane to pure hydrogen of 0.3 MPa for one hour at 623 K,
as activation treatment. Further, the membrane of this
example was not disintegrated when to the feed side was
introduced a pure hydrogen at 0.2 MPa while the permeation
side was maintained at atmospheric pressure, and 1t was
coniirmed that the membrane could exhibit permselectivity
only to hydrogen.

Having described our invention as related to the present
embodiments, 1t 1s our 1ntention that the invention not be
limited by any of the details of the description, unless
otherwise specified, but rather be construed broadly within
its spirit and scope as set out in the accompanying claims.

What we claim 1s:

1. A method for separating hydrogen from a mixed gas
containing dihydrogen, comprises:

feeding the mixed gas to a membrane for separation and

dissociation of hydrogen, the membrane comprising an
amorphous alloy comprising at least one metal selected
from the group consisting of Zr and Hf, and Ni, as
major components, and 1s being prepared by melt-
quenching, and 1s non-porous,

wherein the membrane 1s capable of separating dihydro-
gen from a mixed gas containing dihydrogen, by dis-
soclating dihydrogen into hydrogen atoms, to make the
hydrogen atoms permeate through the membrane, and
forming dihydrogen from the hydrogen atoms after
permeating through the membrane.

2. A method for separating hydrogen from a mixed gas

containing dihydrogen, comprises:

feeding the mixed gas to a membrane for separation and
dissociation of hydrogen, the membrane comprising an
amorphous multicomponent alloy comprising at least
one metal selected from the group consisting of Zr and
Hf, and N1, as major components, and 1s being prepared
by melt-quenching, and 1s non-porous,

wherein the membrane 1s capable of separating dihydro-
gen from a mixed gas containing dihydrogen, by dis-
soclating dihydrogen 1nto hydrogen atoms, to make the
hydrogen atoms permeate through the membrane, and
forming dihydrogen from the hydrogen atoms after
permeating through the membrane.

3. The method as claimed 1n claim 2, wherein the amor-
phous multicomponent alloy further contains at least one
clement selected from the group consisting of Cu, Ag, Al,
Zn, 11, B, S1 and P as a third component.

4. A membrane for separation and dissociation of
hydrogen, which comprises an amorphous alloy comprising
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at least one metal selected from the group consisting of Zr
and Hf, and N1, as major components, and 1s being prepared
by melt-quenching, and 1s non-porous,

wherein the membrane 1s capable of separating dihydro-

gen from a mixed gas containing dihydrogen, by dis-
soclating dihydrogen into hydrogen atoms, to make the
hydrogen atoms permeate through the membrane, and
forming dihydrogen from the hydrogen atoms after
permeating through the membrane.

5. The membrane for separation and dissociation of
hydrogen as claimed in claim 4, wherein the amorphous
alloy 1s an amorphous Zr—Ni alloy.

6. The membrane for separation and dissociation of
hydrogen as claimed in claim 4, wherein the amorphous

alloy 1s an amorphous Hf—N1 alloy.
7. The membrane for separation and dissociation of

hydrogen as claimed 1n claim 4, wherein the amorphous
alloy 1s an amorphous Hf—Zr—Ni1 alloy.

8. The membrane for separation and dissociation of
hydrogen as claimed in claim 4, wherein the alloy 1s not
coated with palladium.

9. The membrane for separation and dissociation of
hydrogen as claimed in claim 4, wherein the membrane 1s
being exposed to an atmosphere containing at least one
active gas.

10. The membrane as claimed i1n claim 4, which has
mechanical strength sufficient to omit a support for the
membrane to prevent from being disintegrated when
exposed to an atmosphere containing hydrogen.

11. A membrane for separation and dissociation of
hydrogen, which comprises an amorphous multicomponent
alloy comprising at least one metal selected from the group
consisting of Zr and Hf, and N1, as major components, and

1s being prepared by melt-quenching, and 1s non-porous,

wherein the membrane 1s capable of separating dihydro-
gen from a mixed gas containing dihydrogen, by dis-
soclating dihydrogen into hydrogen atoms, to make the
hydrogen atoms permeate through the membrane, and
forming dihydrogen from the hydrogen atoms after
permeating through the membrane.

12. The membrane for separation and dissociation of
hydrogen as claimed 1n claim 11, wherein the amorphous
multicomponent alloy further contains Cu as a third com-
ponent.

13. The membrane for separation and dissociation of
hydrogen as claimed in claim 11, wherein the amorphous
multicomponent alloy comprises Zr and Ni, as major com-
ponents.

14. The membrane for separation and dissociation of
hydrogen as claimed in claim 13, wherein the amorphous
multicomponent alloy further contains Cu as a third com-
ponent.

15. The membrane for separation and dissociation of
hydrogen as claimed in claim 11, wherein the amorphous
multicomponent alloy comprises Hf and N1, as major com-
ponents.

16. The membrane for separation and dissociation of
hydrogen as claimed in claim 15, wherein the amorphous
multicomponent alloy further contains Cu as a third com-
ponent.

17. The membrane for separation and dissociation of
hydrogen as claimed in claim 11, wherein the amorphous
multicomponent alloy comprises Hf, Zr, and Ni, as major
components.

18. The membrane for separation and dissociation of
hydrogen as claimed in claim 17, wherein the amorphous
multicomponent alloy further contains Cu as a third com-
ponent.
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19. The membrane for separation and dissociation of
hydrogen as claimed 1n claim 11, wherein the alloy 1s not
coated with palladium.

20. The membrane for separation and dissociation of
hydrogen as claimed 1n claim 11, wherein the membrane 1s
being exposed to an atmosphere containing at least one
active gas.

21. The membrane for separation and dissociation of
hydrogen as claimed in claim 11, wherein the amorphous
multicomponent alloy further contains at least one element
selected from the group consisting of Cu, Ag, Al, Zn, Ti, B,
S1 and P as a third component.

22. The membrane as claimed 1n claim 11, which has
mechanical strength sufficient to omit a support for the
membrane to prevent from being disintegrated when
exposed to an atmosphere containing hydrogen.

23. A method of preparing a material for a membrane for
separation and dissociation of hydrogen, comprising mixing
at least one metal selected from the group consisting of Zr
and Hi, with N1, heating the resultant mixture to a tempera-
ture equal to or higher than the melting point thereof, and
melt-quenching the heated mixture, to prepare the material,

wherein the membrane 1s non-porous and capable of
separating dihydrogen from a mixed gas containing
dihydrogen, by dissociating dihydrogen into hydrogen
atoms, to make the hydrogen atoms permeate through
the membrane, and forming dihydrogen from the
hydrogen atoms after permeating through the mem-
brane.

24. The method of preparing a material for a membrane
for separation and dissociation of hydrogen as claimed 1n
claim 23, wherein Cu 1s further mixed 1n the mixing step.

25. The membrane for separation and dissociation of
hydrogen as claimed in claim 23, wherein the amorphous
multicomponent alloy further contains at least one element
selected from the group consisting of Cu, Ag, Al, Zn, Ti, B,
S1 and P as a third component.

26. A method of treating for activation of a membrane for
separation and dissociation of hydrogen, comprising expos-
ing a membrane for separation and dissociation of hydrogen
to an atmosphere containing at least one active gas, at a
temperature equal to or lower than the crystallization tem-
perature of materials of which the membrane 1s comprised,

wherein the membrane 1s capable of separating dihydro-
gen from a mixed gas containing dihydrogen, by dis-
soclating dihydrogen into hydrogen atoms, to make the
hydrogen atoms permeate through the membrane, and
forming dihydrogen from the hydrogen atoms after
permeating through the membrane, and

wherein the membrane 1s being prepared by melt-

quenching, and 1s non-porous.

27. The method of treating for activation of a membrane
for separation and dissociation of hydrogen as claimed 1n
claim 26, wherein the materials contained 1n the membrane
comprises at least one selected from the group consisting of
Zr and Hf, and Nu.

28. The method of treating for activation of a membrane
for separation and dissociation of hydrogen as claimed in
claim 26, wherein the atmosphere containing at least one
active gas 1s a hydrogen or oxygen atmosphere.

29. The method of treating for activation of a membrane
for separation and dissociation of hydrogen as claimed in
claim 28, wherein the materials contained 1n the membrane
comprises at least one selected from the group consisting of

Zr and Hf, and Nu.
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30. The membrane as claimed i1n claim 4, wherein the less of at least one metal selected from the group consisting
molar ratio of (Hf+Zr):Ni in the amorphous alloy is in the of Cu, Ag, Al, Zn, Ti, B, S1 and P as a third component.
range of 30:70 to 40:60. 32. The membrane as claimed in claim 11, wherein the

31. The membrane as claimed 1n claim 11, wherein the molar ratio of (Hf+Zr):Ni in the amorphous multicomponent

amorphous multicomponent alloy comprises 90 mol% or 5 alloy 1s 1 the range of 30:70 to 40:60.
more of at least one metal selected from the group consisting
of Zr and Hf, and N1 as major components, and 10 mol% or 0k k% ok
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